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FSS have been suggested to follow activation of the immune system, triggered by herpes
virus infections. The aim of this study was to find out whether herpes virus infections were
associated with the experience of FSS in adolescents, and whether this association was
mediated by hsCRP, as a general marker of immune activation.
Methods
This study was performed in TRAILS, a large prospective population cohort of 2230 adoles-
cents (mean age: 16.1 years, SD = .66, 53.4% girls). FSS were assessed using the somatic
complaints subscale of the Youth Self-Report. FSS were analyzed as total scores and
divided in two group clusters based on previous studies in this cohort. Levels of hsCRP and
antibody levels to the herpes viruses HSV1, HSV2, CMV, EBV and HHV6 were assessed in
blood samples at age 16. Also a value for pathogen burden was created adding the number
of viruses the adolescents were seropositive for. Multiple regression analysis with bootstrap-
ping was used to analyze the association between viral antibodies and pathogen burden,
hsCRP and FSS scores.
Results
Antibody levels and pathogen burden were not associated with FSS total scores or FSS
scores in both symptom groups. hsCRP was associated with the total FSS score (B = .02,
95% CI: .004 to .028, p = .01) and FSS score in the symptom group of headache and gastro-
intestinal complaints (B = .02, 95% CI: .001 to .039, p = .04).
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Conclusion
Our study showed no association between herpes virus infections and FSS in general or
specific FSS symptom clusters. A role for inflammatory processes in FSS development was
supported by the significant association we found between hsCRP levels and FSS, espe-
cially in the symptom group of headache and gastrointestinal complaints.
Introduction
Functional somatic symptoms (FSS) are symptoms for which no conclusive medical explana-
tion can be found. FSS are common in children and adolescents and lead to school absence
and frequent medical attention seeking. The etiology of FSS is largely unknown. Psychological,
social and biological factors are believed to contribute to FSS [1]. These factors can have pre-
disposing, precipitating and perpetuating influences in the etiology of FSS. One of the biologi-
cal factors suggested to play a role in FSS is low grade activation of the immune system [2].
Viral infections have been suggested to be a precipitating factor in the development of FSS and
could lead to such low-grade inflammation [3]. Particularly herpes virus infections are inter-
esting in this regard, since they have the ability to be latent in the body and are reactivated
from time to time, leading to a state of chronic immune activation [4]. High viral antibody lev-
els may represent recent viral activity, which in turn points to an impairment of the immune
system, as it is not able to prevent subtle reactivations of the virus [5]. Only one study focused
on herpes virus infections as a precipitating factor in FSS. It was found that viral antibody lev-
els against EBV were associated with FSS scores in an adult population [6].
Not many studies focused on the role of inflammation and infection in FSS, but there have
been studies on the role of inflammation and infection in functional somatic syndromes. Func-
tional somatic syndromes are clusters of FSS, and include Chronic Fatigue Syndrome (CFS),
Fibromyalgia Syndrome (FMS) and Irritable Bowel Syndrome (IBS). Several studies showed
that infections might precipitate development of these syndromes [7,8]. High prevalences of
antibodies to Human Herpes Virus 6 (HHV6) [9] and Epstein Barr Virus (EBV) [10] were
reported in CFS patients, but results remain inconsistent [11–14] and associations appear
absent in FMS [14]. Onset of irritable bowel syndrome was found to be associated with infec-
tious gastroenteritis [15] and with chronic Hepatitis C infection [16]. In summary, several
links have been suggested between a variety of viral infections and a diverse set of functional
somatic syndromes, but results are equivocal.
Several questions remain considering the association between FSS and herpes infections.
The first question that arises is whether viral infection in general might be associated with spe-
cific types of FSS. In one study it was found that EBV infection was a risk factor for developing
CFS, whereas campylobacter gastroenteritis was a risk factor for developing IBS [17]. This
might suggest that viral infections are more related to general symptoms such as pain or
fatigue than to gastrointestinal complaints. The second question is whether FSS might be par-
ticularly associated with specific viruses. Previous studies have also suggested that it is not the
type of viral infection that confers the risk of FSS, but rather the number of different viral
infections, referred to as viral load or pathogen burden. Supporting this idea, a registry-based
study revealed that patients with multiple FSS had a significantly higher infection load in the
period preceding their symptoms than controls [18]. Thus, pathogen burden might be more
important than the exact type of viral infection. An important third question is whether viral
infection leads to low-grade inflammation, which in turn leads to FSS. Previous studies have
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suggested that FSS might be associated with low-grade inflammation, with C-reactive protein
(CRP) or pro-inflammatory cytokines as indicators of this low-grade inflammation [2,19]. The
cause of this low grade inflammation remains unknown. The vicious circle leading to FSS may
be precipitated by viral infection. When FSS become chronic, perpetuating factors such as cog-
nitive processes may become more important. Adolescence is an interesting age to study the
precipitating factors that initiate this vicious circle, since at this age the perpetuating factors
may be less important.
The aim of this study is to find out whether antibody levels against different herpes viruses
are associated with FSS. Our first hypothesis is that the associations with viral antibody levels
are particularly present for fatigue and pain symptoms, and less prominent for gastrointestinal
symptoms. Our second hypothesis is that pathogen burden is more strongly associated with
FSS than the exact type of viral infection. We will also test whether there is a role for CRP as a
marker of systemic inflammation in this association between viral infection and FSS.
In the adolescent cohort “TRacking Adolescents’ Individual Lives Survey” (TRAILS), we
will study the association between FSS, low grade immune activation and herpes virus infec-
tions at age 16.
Methods
Study population
The study is part of the TRacking Adolescents’ Individual Lives Survey (TRAILS), which is a
large prospective population study of 2230 Dutch adolescents from the north of the Nether-
lands examining causes and outcome of physical and mental health from childhood into adult-
hood. The survey was approved by the national ethical committee “Centrale Commissie
Mensgebonden Onderzoek”. Written Informed Consent was obtained from children and their
parents or caretakers. A more elaborate description of the design can be found elsewhere [20].
In short, all 135 primary schools in the five major municipalities in the northern part of the
Netherlands were asked to participate in this study. Of the children of the schools that decided
to participate, subjects with mental retardation, physical incapability or language problems
were excluded. The study started in 2001 with the first wave of measurements, after that three
follow up measurements were done every two years. During the third assessment, all partici-
pants were asked to donate a blood sample for different biomarker analyses. After consent had
been obtained from the parents and the children, blood samples were taken at the schools and
delivered to the University Medical Center Groningen, where serum was extracted and stored
at −80˚C until analysis. We had data on inflammatory markers and FSS scores in a population
of 1220 participants.
Functional somatic symptoms
The Somatic Complaints Subscale of the Youth Self Report was used to estimate the amount of
FSS [21]. This questionnaire is known to have a good cross-cultural validity [22]. The Somatic
Complaints Subscale consists of 9 items that refer to somatic complaints without a medical
cause or without any apparent reason. The adolescents could indicate whether they experi-
enced these complaints on a three-point scale with response categories “not at all”, “some-
times” and “often”. Since the Youth Self-Report did not include musculoskeletal symptoms,
those symptoms were assessed by asking participants questions about how often they experi-
enced pain in their neck, back, shoulders, arms and legs during the past three months. Ques-
tions were rated on a 7-point measurement scale with response categories: ‘Not at all’, ‘Less
than once a month’, ‘Once a month’, ‘Two to three times a month’, ‘Once a week’, ‘Two to six
times a week’, and ‘Almost every day’. A mean item score of the three gastrointestinal
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symptoms and of the five musculoskeletal symptoms was created. The mean item score of the
five musculoskeletal pain symptoms was divided by three-and-a-half to rescale to the YSR. An
exploratory factor analysis was performed that supported the division of symptoms into two
clusters, one consisting of headache and gastrointestinal complaints, and the other consisting
of overtiredness, dizziness and musculoskeletal pain. This factor analysis process was described
in more detail in a previous article in the same study population [23]. For the FSS total scores
we combined results of both questionnaires.
Measurement of antibodies
All serological tests were carried out by standard procedure at the Stanley Laboratory of Devel-
opmental Neurovirology, Baltimore, Maryland. To estimate viral activity, IgG serum antibod-
ies against agents of the herpes virus family (HSV1, HSV2, EBV, CMV and HHV) were
measured. For this measurement a modified solid-enzym immunoassay method was used, as
was described before [24]. The immunoassays were performed by the reaction of the serum
samples against the solid-phase antigen. To differentiate between the antibodies of HSV-1 and
HSV-2, purified viral-envelope glycoproteins were used as the solid-phase agents, namely gG1
for HSV1 en gG2 for HSV2 [25]. Reagents for these assays were obtained from Focus Labora-
tories, Inc (Cypress, Calif). The assays for the antibodies to HHV, CMV and EBV used anti-
gens derived from virion proteins as previously described [24,26]. Reagents for these assays
were obtained from IBL-Hamburg GmbH (Hamburg, Germany). After rinsing the serum
samples that did not react to the antigens, the amount of antibody that was bound to the solid-
phase antigen was quantified, by letting it react with enzyme labeled anti-human IgG and
enzyme substrate. This process created a visual colored substrate, of which the optical density
could be measured in a microplate colorimeter. Every assay was performed with our partici-
pant sample and a reference sample with low but detectable levels of antibodies against the tar-
get antigen. The amount of antibody in every sample was expressed in terms of the ratio of
optical density of the test sample against that of the standard sample and was expressed in arbi-
trary units (AU). For the first estimation of positivity, the sample of a participant was labeled
as reactive when the ratio was at least 1.1. This cut-off point was based on a clinical trial of the
assays of antibodies against HSV-1 and HSV-2 [27]. For EBV and CMV positivity also a ratio
of 1.1 was used, for HHV positivity a ratio of 2.0 was used [24]. As a sensitivity analysis, we
performed additional analyses with the continuous antibody levels in the total group, and with
antibody levels in the seropositive group using ratios of 0.5 and 2.0 to define reactivity. This
did not yield different results. Pathogen burden was defined as the number of herpes viruses
the participants had antibodies to.
Measurement of hsCRP
CRP is produced by the liver in reaction to pro-inflammatory cytokines and is a measurement
for systemic inflammation. High sensitive-CRP (hsCRP) is a measurement of CRP that is
more sensitive to small changes in systemic inflammation, since it is detected at lower values
[28]. hsCRP was determined using an immunonephelometric method, BN2, with a lower
detection limit of 0.175 mg/L. Intra-assay coefficients of variance ranged from 2.1 to 4.4, and
inter-assay coefficients of variation coefficients of variance ranged from 1.1 to 4.0. In our sam-
ple, hsCRP values were relatively low, as could be expected from a general sample of adoles-
cents. Median value was 0.4 mg/L, with 25th and 75th percentiles respectively 0.2 and 1.0 mg/
L. Using continuous values of hsCRP would imply a floor effect with a risk of false negative
results. For this reason we decided to repeat analyses with dichotomized hsCRP values, with
elevated hsCRP indicated by a cut-off of 2.0 mg/L. This cutoff was chosen in a previous study
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in the same cohort, based on studies on inflammation in mood disorders [29–31]. For consis-
tency between studies we decided to use the same cutoff in this study. Participants with
hsCRP > 10 mg/L were excluded from the analyses (n = 33).
Confounders
Several potential confounders exist in the relationship between inflammation and the experi-
ence of FSS. Female sex [32–34], high BMI [32,35] (, and affective symptoms [36,37] are all
related to both inflammatory markers and FSS. Therefore we adjusted all our analyses for
these potential confounders. Length and weight of the adolescents were measured to calculate
BMI. Affective symptoms were assessed using the Affective Problems scale of the Youth Self-
Report (13 items, Cronbach’s alpha = .75) [38].
Statistical analysis
To test our first hypothesis on the association between FSS in different symptom groups and
viral antibody levels, we performed multiple linear regression analysis, with the antibody levels
as predictor and FSS scores as dependent factor. This was done with FSS total score and with
FSS scores in the two symptom clusters, in the seropositive group. Given that only 13 adoles-
cents were HSV2-positive, we did not perform regression analyses for this virus. To test our
second hypothesis that pathogen burden was associated with the FSS scores, we repeated these
analyses with pathogen burden as predictor and FSS scores as dependent factor. To test our
third hypothesis that viral antibodies lead to FSS via low grade inflammation, we first tested
whether the hsCRP levels were associated with FSS scores, using multiple regression analysis,
with hsCRP levels as predictor and FSS scores as dependent factor. We then tested whether the
amount of viral antibodies in the seropositive group was associated with hsCRP levels, also
performing regression analyses with viral antibodies as predictor and hsCRP as dependent fac-
tor. In case of an association between viral antibodies and hsCRP, we planned to repeat the
regression analyses with CRP added in the model as mediator. Because of non-normal distri-
bution of data, we performed bootstrapping analysis in our regression models. Bootstrapping
gets around the problem of non-normal distribution by estimating the properties of the sam-
pling distribution from sample data (called bootstrapping samples). The values of the samples
are used to estimate the limits of the 95% confidence interval of the parameter. An effect is
considered significant when the bootstrap 95%-CI does not include zero [39]. All analyses
were adjusted for sex, affective symptom scores, and BMI. The analyses with FSS symptom
clusters as outcome were additionally adjusted for scores in the other symptom cluster.
Results
General characteristics
The population consisted of 1220 adolescents; the population characteristics are summarized
in Table 1.
Associations between antibody levels to herpes viruses and FSS scores
Results of our analyses on the association between the different herpes virus antibody levels in
the seropositive groups and FSS scores are summarized in Table 2. Levels of antibodies to
HSV1, HHV6, EBV and CMV were not associated with the FSS total score or the FSS score in
both symptom clusters.
Herpes virus infections and functional somatic symptoms in a general population of adolescents
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Association between pathogen burden and FSS scores
Pathogen burden was not associated with FSS total score (B = -.005, 95%CI: -.022 to .014, p =
.58), FSS scores in the symptom cluster of headache and gastrointestinal complaints (B = -.004,
95%CI: -.030 to .024, p = .76) or in the symptom cluster of overtiredness, dizziness and muscu-
loskeletal pain (B = -.004, 95%CI: -.023 to .015, p = .70).
Table 1. Population characteristics.
General Characteristics N (%) Median
(25th, 75th percentile), unless
otherwise specified





BMI (kg/m2) 20.8 (19.2, 22.6)
hsCRP (mg/l) 0.4 (0.2, 1.0)
Elevated CRP (>2mg/L) 154 (13)
Antibody status:
Number of adolescents with antibodies and median














Pathogen Burden, number of viruses that the
participants had antibodies to
Antibodies to none of the pathogens 47 (3.9)
Antibodies to 1 pathogen 535
(43.9)
Antibodies to 2 pathogens 446
(36.6)
Antibodies to 3 pathogens 154
(12.6)
Antibodies to 4 pathogens 37 (3.0)
Antibodies to 5 pathogens 1 (.1)
FSS Scores
FSS total score .27 (.06, .57)
Headache and gastrointestinal complaints .17 (.00, .67)
Overtiredness, dizziness and musculoskeletal pain .33 (.00, .67)
BMI = body mass index, hsCRP = high-sensitive C-reactive protein, HSV1 = herpes simplex virus type 1,
HSV2 = herpes simplex virus type 2, EBV = Epstein barr virus, CMV = cytomegalovirus, HHV6 = human
herpes virus type 6. FSS = functional somatic symptoms. AU = Arbitrary Units
#Median and percentiles were calculated in the group that was positive for antibodies against that virus
https://doi.org/10.1371/journal.pone.0185608.t001
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Association between hsCRP as marker of inflammation and FSS scores
We found a significant association between hsCRP levels and the total FSS score (B = .02, 95%
CI .004 to .028, p = .01). Regarding the different symptom clusters, we found a significant asso-
ciation between hsCRP and symptom scores in the symptom cluster of headache and gastroin-
testinal complaints (B = .02, 95%CI .002 to .039, p = .04), but not between hsCRP and
symptom scores in the symptom cluster of overtiredness, dizziness and musculoskeletal pain
(B = .006, 95%CI -.007 to .020, p = .39).
Using dichotomized hsCRP gave essentially the same results, with an association between
elevated hsCRP and total FSS (B = .06, 95% CI: .005 to .113), p = .04), and an association
between elevated hsCRP and symptom scores in the symptom cluster of headache and gastro-
intestinal complaints (B = .08, 95% CI: .005 to .158, p = .03) but no association between ele-
vated hsCRP and symptom scores in the symptom cluster of overtiredness, dizziness and
musculoskeletal pain (B = .02, 95% CI: -.034 to .075), p = .46).
CRP as a mediator in the association between viral antibody levels and
FSS
We found no association between the different levels of viral antibodies or pathogen burden
and the FSS scores. We also found no association between the viral antibody levels or pathogen
burden and hsCRP levels (Table 3). Therefore we did not proceed with mediation analysis for
hsCRP. Using dichotomized hsCRP gave essentially the same results, with no associations
between elevated hsCRP and antibody levels.
Discussion
Our study in adolescents showed no association between herpes virus infections or pathogen
burden and FSS in general or specific FSS symptom groups. Thus, a precipitating effect of
infection with herpes viruses on FSS was not found. A role for inflammatory processes in FSS
Table 2. Associations between the levels of viral antibodies and FSS.
Total FSS scores Headache and Gastrointestinal complaints Overtiredness, Dizziness and Musculoskeletal pain
HSV1 (AU) B -.002 -.012 .006
95% CI -.046 to .045 -.075 to .057 -.041 to .052
p .93 .73 .80
EBV (AU) B -.028 -.003 -.034
95% CI -.133 to .068 -.151 to .143 -.127 to .059
p .56 .80 .49
CMV (AU) B -.004 .015 -.016
95% CI -.062 to .055 -.074 to .106 -.067 to .039
p .89 .72 .57
HHV6 (AU) B -.001 -.002 .002
95% CI -.011 to .011 -.017 to .013 -.005 to .009
p .92 .83 .52
HSV1 = herpes simplex virus type 1 antibody levels in the seropositive group (N = 301), EBV = Epstein barr virus antibody levels in the seropositive group
(N = 305), CMV = cytomegalovirus antibody levels in the seropositive group (N = 306), HHV6 = human herpes virus 6 antibody levels in the seropositive
group (N = 1117). AU = arbitrary units. All analyses were adjusted for sex, BMI, and affective problems and symptom scores in the other symptom group.
https://doi.org/10.1371/journal.pone.0185608.t002
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development was supported by the significant association we found between hsCRP levels and
FSS, especially in the symptom group of headache and gastrointestinal complaints.
A major strength of our study is the large sample size and the fact that we used a population
cohort, which increases generalizability of our results. Another strength is the fact that we
chose adolescents for our study. In adolescents, the influence of ageing-related factors on
inflammatory processes is limited. An important limitation is the fact that we measured FSS
with self-report questionnaires. Even though the adolescents were asked for complaints with-
out a medical explanation, we cannot be sure that there was no physical cause for their com-
plaints. The association in the FSS group of headache and gastrointestinal complaints with
higher hsCRP values might suggest a physical explanation for the gastrointestinal complaints
or the headache, such as a bowel infection or sinusitis. We did, however, exclude adolescents
with hsCRP levels higher than 10 mg/L, making this explanation less likely. In large epidemio-
logic cohort studies, the assessment of FSS is mostly by self-report or parental report, without
physical examinations [40,41]. This limitation is counterbalanced by the large number of ado-
lescents that can be included in such cohort studies. The prevalence of the herpes viruses at age
16 in our population was low compared to findings in adolescents in age group 15–19 from
other countries, with 70% seroprevalence for EBV in the USA [42], 1.6% for HSV2 in the USA,
39% for HSV1 in the USA [43], and 35% for CMV in Germany [44]. Especially EBV seroposi-
tivity was very low in our cohort. Factors associated with EBV seropositivity include ethnicity,
crowdedness, household income, household education level and health insurance status [42]
and differences in these factors between regions and nations might contribute to our low EBV
seroprevalence. The rural character and relatively high proportion of Caucasian inhabitants in
the region may contribute to the low prevalence of EBV. For our mediation analyses, we tested
whether hsCRP was associated with FSS total scores and FSS in the different symptom clusters.
We found an association of hsCRP and the total FSS scores, which was mainly explained by
the symptom cluster of headache and gastro-intestinal complaints. However, it should be
emphasized that this association would lose significance after correction for multiple testing.
There is one previous study on hsCRP in FSS, which was performed in adults [19]. In this
study, hsCRP was only associated with FSS in the symptom cluster of musculoskeletal pain;
fatigue was not included in this symptom group. The symptom cluster of gastrointestinal com-
plaints was not associated with hsCRP in that study. The most likely explanations for the
inconsistent findings are differences in age groups and study designs, and varying symptoms
in the clusters. Other studies focused on inflammation and pain, which is a common symptom
Table 3. Associations between level of viral antibodies and hsCRP levels.
hsCRP levels (mg/l)
HSV1 (AU) B = -.031, 95%CI: -.299 to .220, p = .80
EBV (AU) B = -.347, 95%CI: -.730 to .110, p = .10
CMV (AU) B = .192, 95%CI: -.198 to .656, p = .40
HHV6 (AUl) B = .002, 95%CI: -.034 to .040, p = .92
Pathogen Burden B = .156, 95%CI: -.062 to .391 p = .22
hsCRP = high sensitive C-reactive protein, HSV1 = herpes simplex virus type 1 antibody levels in the
seropositive group (N = 287), EBV = Epstein barr virus antibody levels in the seropositive group (N = 296),
CMV = cytomegalovirus antibody levels in the seropositive group (N = 298), HHV6 = human herpes virus 6
antibody levels in the seropositive group (N = 1082). Pathogen Burden = analysed in total population
(N = 1220), AU = arbitrary units. All analyses were adjusted for sex, BMI and depressive symptoms.
https://doi.org/10.1371/journal.pone.0185608.t003
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in FSS. For example, it is found that cytokines excitate the neurotransmission of pain [45,46].
Furthermore, it was found that noxious stimuli increased the serum levels of IL-6 and that
higher levels of catastrophizing thoughts during the admission of the pain stimuli gave greater
pain-related increases in IL-6 [47]. The question remains what the cause of low grade inflam-
mation might be. Our findings on the lack of association between hsCRP and antibody levels
suggest that the herpes viruses were not causing systemic inflammation in our population. In a
previous study in this cohort we focused on the effect of viruses and hsCRP on cognitive func-
tioning. In this study we found an association for HSV-1 levels and cognitive functioning, but
not for hsCRP, also suggesting that HSV-1 infection did not have its effect through systemic
inflammation [48]. It is possible that other viral infections, that we did not measure, were the
cause of systemic inflammation.
Another potential cause of systemic inflammation is psychological stress. There are sev-
eral known mechanisms by which stress could influence the immune system, such as
changes in HPA-axis responses, catecholamines, autonomous nervous system responses,
epigenetic influences and health behaviors [49–52]. Some of these mechanisms have been
studied in their relation to FSS in the TRAILS cohort. For example, FSS in the cluster of
overtiredness, dizziness and musculoskeletal complaints were associated with low cortisol
levels after awakening, whereas FSS in the cluster of gastrointestinal symptoms and head-
ache were associated with low cortisol levels during a psychological stress task. These find-
ings suggest that symptoms of headache and gastrointestinal complaints are associated with
the experience of acute stress, whereas symptoms of overtiredness, dizziness and musculo-
skeletal pain are associated with chronic or recurrent stress [23]. Chronic and acute stress
also differ in terms of inflammatory effects. Chronic stress is associated with circulating
inflammatory parameters, whereas acute stress is related to inflammation in young adults
but not in elderly people [49,50]. Thus, age differences could explain why we found an asso-
ciation between hsCRP and FSS in the group with headache and gastrointestinal complaints
in our adolescents, whereas this was not found in an earlier study in adults. Another previ-
ous study in this cohort found that stressful life events were associated with elevated hsCRP.
When subdomains of life events were studied, especially separation trauma and sexual
abuse were associated with elevated hsCRP [53]. These findings were in line with findings
from a recent meta-analysis that confirmed the association between childhood life events
and inflammation later in life [54]. This could also be relevant for our study on the associa-
tion between elevated hsCRP and FSS. It has consistently been found that the experience
of childhood life events is associated with the presence of different types of FSS [55,56]. Ear-
lier studies in this cohort also found an association between sexual abuse and FSS [57] and
childhood adversities and FSS [58]. Thus, stress and life events might contribute to low
grade systemic inflammation in FSS.
In conclusion, our study in adolescents does not confirm that FSS scores are associated
with antibody levels against different herpes viruses or with pathogen burden. It does suggest
that FSS scores are associated with hsCRP levels, but this finding needs to be replicated before
drawing any conclusions. Obviously, infection or inflammation is not a standalone cause for
the experience of FSS. Therefore it would be interesting to study the interdependence of differ-
ent response mechanisms of the body, such as stress systems, hormone levels and inflamma-
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